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turbances and their associzted phencmena during the decline
phase of the present sunspot cycle are summarized. B&An
identification of M-region with solar phenomena has been

made by evaluating the velocity of solar winds. Dis-
-

- 1}

cussions are given on various existing hypotheses o

h

corpuscular streams producing M-disturbances.

in order to provide z forum for discussicn of the
latest results on solar-geophvesical disturbances du ring
the period of quiet solar activitv, a symposiuvm on solar
terrestrizl relations was held on June 19, 1984, in Toyko.
A number of formal presentations were given and they were
accompanied by much stimulzting discussion. Following are
the major topics and contributors:

1. 27-cay Recurrence Disturbances in Gcoonysvcs

o, Sgil_ K. Na¢ 'Qsi‘iula S - J.’.O...’l H. Ueno
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1. Introduction

corpuscular emissions. Solar corpuscular emissions consist
of three types, viz., energetic solar particles and plasma
clouds ass@ciated with solar flares, and the ocutward stream-

ing of solar winds exr beams of enhanced activity originating

(¢

ar particles

[

from the solaxr corocna The flare-associated so
have been investigated extensively during the past IGY and

IGC, and their results were discussed elsew!

H

ere (Cbayashi 1964).

.

Meanwhile, successful launchings of deep space probes have
lead to the discovery of the continual flow of solar plasmas
with veloc ies of some hundreds km/sec (Neugebauer and Snvder

1962) .

Renewaed interest has arisen on the nature of recurrent

geomagnetic disturbances with the solar rotation cycle, which

e
]

had originally been suggested by Bartels many years ago as an

enhanced stream of solar

o]
s
v

sna ejected from some hypothetical
active center of the sun, the so-called M-region. It has been
known since the early part of this century that moderate geo-
magnetic disturbances show a tendency to recur at regular

intervals of 27 days, particularly during De;lOdo of declining
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sunspot activity. Numerous investigations "have been carried

cut to identify the active region of the sun responsible for

such disturbances. Bartels irst inve
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Lc between recurrent geomagnetic disturbances and visible
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solar phencmena. © significant correlation was found. However,
he noted that M-regions often occurred when the visible solar

hemisphere was bare of sunspots or they tended to be absent

when spots were ncar the central meridian of the sun. This

H

eature was re-—-examined by Allen {1944) and he has concluded
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that sunspots tend to inte: i-regions, or in other

words, the M-region apparently shows a tendency to avoid spot

-

areas, which is known as the cone of avoidance hypothesis. This

O

interesting feature has been confirmed in the relation between

coronal emissioy

5

-line intensity and geomagnetic disturbances.
The first suggestion of this line o©f investigation was made

by Waldmeir (1942), who named the active coronzl emission area
‘as the C-region. Meny investigztors then showed that a signi-
ficant minimum in gecmagnetic acitvity follows 2-3 days aftef
central meridain passage {cmp) of a region of active coronal

emission, while two maxima in geomagnetic activity appear about

ter and also somewnat earlier than the time of the

Ui
i

a

4-8 day

-

crep of an acitve region (Shapley and Roberts 1946, Kiepenheuer

1)
An extensive review has been given by Allen (1964).



1647, Pecker and Roberis 19553, Notuki et al 1555, Sinno 1956,
Bell and Galzer 1957, and Warwick 1959). Similar conclusions

have also been obtained by the superposed epoch method, using

solar floceculi data for a 33-year period (Saemundsson 1962).

In contrast to the concept of the cone of avoidance, Muste
(1961, 1962) advocated that M-regions appear tc e correlated
with active centers of the sun, possibly young plage regions,

above which long corfonal

-

R-rays extend up to the distance of

the carth's orbit. The coronal R-ray is believed to ke a

plasma stream, being compcosed of an assembly of radial magnetic

field threads. There is ancther suggestibn that M-regilons are

long-lived stable prominences, which are supposed to be remnants

of old active regions. h
In spite of these different hypotheses,.all theories

postulate solar active centers, and they admit +that enhanced

beams of solar corpuscles are the cause of recu

H

rent geomagnetic
disturbances. The important key to resolving the problem is,
therefore,'to Cetermine the travel-time or the speed of stream-
ing solar particles. Recent space probe data now provide this
information. In their analysis of Mariner 2 plasma measurenents,
Snyder, Neugebauer and Rao (1963) have shown that a strong 27;
day recurrence tendency exists in the dailly time seguence of

solar plasma velccity and concluded that the solar M-regions
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must be the source of high velocity plasma. The average plasma

velocity is nearly proportional to the geomagnetic activity oxr

the daily sum oI geomagnetic Xp indices. The estimated velocity
of solar beams, thus derived Ifrem their resulis as well as

the Explorer 18 data (EBridge et al 1964), ranges from 300 to
600 km/sec during the declining period of solar activity. This
plasma veloc1uj corresponds to the travel-time between the

Sun and the earth of akout 3 to 6 days, and the judvcmant of

any theory must take into
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terrestrial relations.

There are some other phenomena which might be closely
related to Solar M-regions. Cosnic ray variations, in particular,
the diurnal anisotrcpy of the intensity, reveal a strong 27-
day recurrence {Mori et al 1964). As will be shown, a significant

ok b

correlatiocn exists between the phase change of cosmic ray diurnal
variations and the enhanced S~coxponent of solar radio emissions.

The activity index of geomagnetic micropulsations reveals a

clear 27-day recurrence. Recent investigation shows that this

the M-region disturbances (Saito 1864). Since these phenomena
are rather new and good cdata for the analysis arc available
the sunspot minimua, renewed

studies on all related phenoxena to solar M-regions during the

present sunspot minimun will Be discussed in what follows.



- - f AT e
In the present declining

veriod of solar activity, some

-~

-

prominent recurrent geomagnotic disturxbances have been observed.

In Fig. 1, a 27-day recurrence pattern of the daily sum of geo-
. , s - . b . .

magnetic planctary index £ Kp is shown for the period from

August 1962 to December 1963. Throucghout the v .le period, a

persistant major peak of activity appeared between the 5th to

10th days in 27-day’rotation intervals. There were also

short-lived minor peaks in the late half of the interval.

Saito (1964) has found that the activity 35 pc3d geomagnetic
pulsations reveals z very marked 27-day recurrence tendency
in the same epoch. The daily cosmic ray intensity also showed
a prolonged depression assoclated with the major peak of geo-

magnetic activity. .

In order to compere geovhysical disturbance phenomena
with corresponding solar activitiy, the time series of coronal
emission index G6& ({53203 &) is shown in Fig. 2, in whichk values
of east and west limbs of the northern hemisphere are used,

the time being reduce he solar disk (Solar
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and Geophysical Data, CRPL-F, Part B, US-NES). In general,
wwo dright coronal regions avpeared in each rotation cycle.
In the present period ol analysis, the feature of such

double maxima of activiiv seems to be common for all other
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solar phenomena, such as sunspots, calcium-plages, and solar

phenomena during the period of mosit pronounced 27-day recur-
rency, between rotation numbers 1770 to 1776, a - illustrated
"in Fig. 3. As has been stated, a major peak of geomagnetic

a;*ivity dates from -the

b days, being followed by

the decrease of cosmic ray intensity. Corcnal intensity and

existence of two stable centers of activity. It has been
shown that the slowly varying part, the S-component, of solar
radio flux at microwave band recurs very regularly with peaks

on the days of the 7th to &th and near the 20th in each ro-

tation cycle (Goh 1984, Mori =t z21. 1964).
There is anocther interesting ghenomenon, recurring with

the 27-day interval, viz., the amplitude and phase of the
diurnal variation of cosmic ray intensity, the so-called DS-

|
|
component of cosmic ray intensity. Using data of meson |
|

monitor, Mori et azl. (1964) obtained the average 27-day; varia-

significant phase advancemenis occur at the 6th and 22nd davs,

which have been known to appear during cosmic ray storms. The
/’



7D $0 DquInN

S

3]

.
pelc

ané nu

G6,

line

U4



diurnal vectors with resusect to the solar rotation, has

. ~ = - A ~ - - - 4
been reducced, Ly subiracoting the mean D2 of he whole 27-
[ S e vy ) TI4 = o e e T R o~ o A 4T
cay interva.a. ALTO anl adpPronIiilace Lnase CcoIrreltion Ior The

geomagnetic eiffect, thesc residual DS flcow vectors denoted by
ADS, are cbtained. They are illustrated by arrows in Fig. 4
on the‘heliocentric diagram together with average TKp and G6
variations. Althouyh the physical mechanism cousing the
cosmic ray anisctropy nhas not been well understoecd, the ADS
may indicate some additional flows, superposed upon the

general modulation effect due to the cutward streaming of

solar winds.

observational basis for the identiiilcatlion of aypothetica
solar M-regions, responsible for recurrcnt geovhyvsical dis-
turbances. It 1: important to note that tae time of peaks
of geomagnetic activity cppears a few days ahezd of the cmp
of solar active centers. Since we believe that geomagnetic
disturbances are pnroduced by particle streams IZrcxm the sun,

3 - = -~ B - B N ST e S 3
these active centers cannot be satisfiactoril Laentiriea as

the scurces for tne inmediately corresponding poaks o geo-
magnetic activity. Furthermore, it is now Xnown that the
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ut apparently from the cuter fringes
1@ active area. According to the hypothesis of the con

¢ avoidance, an active center of the sun tend:z to inhibit

corpuscles, and this is interpreted by assuming

t
-4

nat sclar particles are confined by strong local magnetic
fields in the ;*;1’@ center. In years of high solar activity,
these trapped particles may be built up to form a strong con-
densaticn, veing he;t d up further until they are “inzlly ex-
ploded out. These are identified as solar flare corpuscles

re-associated geomagnetic storms. In contrast to this

0O
K
th
et
o3

£

e .of solar ac

explcsive phas tivity., M-regions are such that
the local magnetic fields are conducive to guide the con-

tinual outilow of corpuscular streams. This region may be
compared to an unipolar magnetic region (Babcock and Bzbcock
19535) where the outward stream is strong enough so that the

magnetic field lines will be stretched out in the direction

-

Thus, the hypothesis of the cone of avoidance has an
attractive feature for explaining the peguliar inhibition bf
the ccrs scul;r beam emerging from the active center. Never-
theless, this nypothesis itself cannot offer any positive
mechanism for ejecting narrow and strong corpuscular beams

-

from M-regions. On the other hand, it has been established
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that recurrent geomagnetic disturbances are closely related

to the hiéh velocity beam of solar winds (Snyder, Neugebauer

.. and Rao 1963). According to Parker’'s theory (1960), the

velocity of s0idr winds is very sensitive to the coronal
tempefaturé‘and, therefore, the solar corpuscular beam re-
sponsible fOf'geomagnetic disturbances must originate from
abhigh téﬁpérature region such as an active coronal c¢ondensa-

tion. As has been shown, however, tuls argu;=nt is not always
sistent with observed results. Though Mustel's R-rays may be
important for some recurring phenomena, they would possibly
be remnants of solar flares, being dominated only during the

stage immediately after the maximum solar activity (Bryant

et al. 1963).

An alternative hypothesis for the cause of recurrent
disturbances has receptly been proposed by Dessler and Fejer
(1963). although they also postulate a high velocity beam
streaming oﬁt from the éctive center, the origin of geomagnetié
disturbances is attributed to a source other than the high
velocity beam itself. It is emphasized that an enhanced
solar stream alcne cénnot produce geomagnetic disturbances
or high Xp, éince the solar winds appear to be essentially
ever—-existing even during very éuiet geomagnetic conditions.

In these circumstances, they rejected the conventional view
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e
L

on-—



of the cause of disturbances and proposed a hypotﬁesis that
‘recurrené geomagnetic disturbances must be due to‘sheets of
turbulence or irregularities that are generate:ﬁét the inter-
face of two solar wind regions.of different stream velocities.
The high velocity solar stream will overtake the lower Velocity

stream, and the collision of these streams would lead to the

Kelvin-Helmholtz instability or the formation of two shock

waves. This mechanism predicts the region of disturbances
to lie westward of the high velocity beam originating £rom
the active center,which turns out to be very consistent with

the observed result shown in Fig. 5 for the period 1962 - 1963.

As has #een pointed out by Piddington (1964) however, the
Dessler-Fejer theory does not appear satisfagtory with the
result for thévperiod 1950 - 1953, unless the stream velocity
above the active region would generally:be lower than that of
the surrounding. For this case the M-region l;es eastward of
the active region of the corona, and.he rather presumes that
main disturbaﬁces originate at the region of the following
side (eastward) of the high velocity beam, where the inter-
pl;netary field may be very weak or else lies in some favor-
able direétion due to the sweeping action of a high velocity

stream ahead of the region. A mechanism similar to this has

been suggested, independently, by Sarabhai (1963) as the source



s
.

of recurrent cosmic ray storms.

At present, since there is no sufficient direct observa=-
tion of solar streams to locate the M-regions, the conclusion

derived from statistical analyses alone is necessarily specu-

’lativeﬂ and it cannot be well justified to accept or reject .

any one éf.the hypotheses discussed here. It is hoped that
extensive observations made during the IGSY will provide much
useful material, stimulating new approaches to understanding

the mechanism of the solar M-regions.
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